Abstract: Palladium plays a pivotal role in the production of dental and medicinal devices, medicinal substances, jewellery, automobile and high-performance adhesives. Despite the frequent and fruitful use of such reactions, one major setback is the high level of palladium in the resultant compounds which can harm the human body. Among the palladium species, PdCl2 is the most toxic. As a consequence it is desirable to detect the Pd 2+ cations by fluorescence spectra because it can provide an operationally simple and cost-effective detection method together with high sensitivity and selectivity. Herein, an α-carbonyl substituted pyrene derivative, γ-oxo-1-pyrenebutyric acid (OPBA), was demonstrated to be a highly sensitive and selective fluorescent probe for Pd 2+ among the metal cations examined in aqueous solutions.
Introduction

1)
The development of artificial receptors for the sensing and recognition of environmentally and biologically important species has been actively investigated in recent years [1, 2] . Palladium is a rare transition metal that plays a pivotal role in the production of dental and medicinal devices, jewellery, automobile, and high-performance adhesives [3] [4] [5] . Moreover, organic synthesis that uses palladium as the † Corresponding author: Jing Wang (wjwyj82@gxu.edu.cn), Chang-Sik Ha (csha@pnu.edu) catalyst is widely applied in the production of medicinal substances. Despite the frequent and fruitful use of such reactions, one major setback is the high level of palladium in the resultant compounds which can harm the human body [6, 7] . Among the palladium species, PdCl2 is the most toxic [8] . As a consequence it is desirable to develop efficient methods for detecting the presence of Pd
2+
cations. Fluorescence spectra stands out because it can provide an operationally simple and cost-effective detection method together with high sensitivity and selectivity [9, 10] compared to the other typical analytical methods used for quantification of Pd 2+ cations.
The pyrene moiety is one of the most useful fluorophores for the construction of fluorogenic chemosensors for a variety of important chemical species as the good photophysical properties [11] [12] [13] . Particularly, utilizing the pyrene moiety of monomer versus excimer emission, a variety of heavy and transition metal ions (HTM) recognition systems were successfully devised [14] [15] [16] [17] [18] [19] . However, less attention was paid to the applications of α-carbonyl substituted pyrene chromophores, a special class of pyrene derivatives. To date, only a few studies have reported that employed α-carbonyl substituted pyrene derivatives in sensing systems [20] . Especially, the metal chemosensors constructed by α-carbonyl substituted pyrene derivatives is rare [21] . Based on these above information, we explored the application of γ-oxo-1-pyrenebutyric acid (OPBA), with a carbonyl group substituted on the α-position of the pyrene chromophore, as a selective and sensitive fluorescent chemosensor specific for Pd 2+ detection. We hope that the efforts made in this work will contribute to the development of metal chemosensors based on α-carbonyl substituted pyrene derivatives.
Experimental
Materials and Instrumentations
All solvents used were of analytical grade. γ-Oxo-1-pyrenebutyric acid (OPBA), 1-pyrenebutyric acid (PBA) and 1-pyrene-carboxaldehyde (PyCHO) were all purchased from Sigma-Aldrich. The Fourier-Transform Infrared (FTIR) spectra were recorded at room temperature on a JASCO FTIR 460 Plus operated at a resolution 4 cm -1
. 1 H-NMR spectra were recorded on a Varian Gemimi-2000 (300 MHz) spectrometer. The UV-Vis spectra were measured using a Hitachi U-2010 spectrometer. The fluorescence spectra were measured using a Hitachi F-4500 spectrometer. A pH 64 Radiometer (Copenhagen, Denmark) combined with a GK 2401 B electrode was used for the pH measurements.
Preparation of OPBA Solutions for the Concentration
Effect 2.2.1. Studies on the Fluorescence Spectra 12.0 mM solutions of OPBA (0.1825 g, 0.6 mmol) were prepared in dimethylsulfoxide (DMSO) (5 mL), then diluted 2 times with H2O to get the 6.0 mM stock solutions. The stock solutions of OPBA (6.0 mM) were diluted by using DMSO/H 2 O (1/1, v/v) to get the solutions of OPBA ranging from 3.0 mM to 0.5 µM. The fluorescence spectra of each solution were recorded with excitation at 480 nm.
Studies on the Absorption Spectra
50.0 µM solutions of OPBA (0.76 mg, 2.5 µmol) were prepared in DMSO (5 mL) to get the 50 µM stock solutions. 2 mL of OPBA stock solutions were diluted 50 times by using H 2 O to get the 1.0 µM solutions of OPBA in DMSO/H 2 O (2/98, v/v). 3.0 mL of OPBA solution at 1.0 µM in DMSO/H2O (2/98, v/v) was placed in quartz cell (10.0 mm width) and the absorption spectra were recorded.
Preparation of Solutions for the Fluorescent Detection
of Metal Ions by OPBA 0.48 mM solutions of OPBA (0.0073 g, 0.024 mmol), pyrene (0.0049 g, 0.024 mmol), PBA (0.007 g, 0.024 mmol), and PyCHO (0.0055 g, 0.024 mmol) were prepared in DMSO (50 mL), then diluted 240 times with H2O to get the 2 µM stock solutions. The total volume of DMSO contained in the 2 mM stock solutions was below 0.5%. All of the metal ion stock solutions were prepared at 0.4 mM in H 2 O. 1.5 mL of OPBA stock solution was placed in quartz cell (10.0 mm width) and the fluorescence spectra were recorded before and after the addition of 1.5 mL stock solutions of metal ions (200.0 equiv.) to the solution of 1.5 mL OPBA. The metal recognition behavior of OPBA was evaluated from the changes in fluorescence spectra at the emission wavelength of 455 nm upon addition of that sodium salt. The fluorescence spectra of each solution were recorded with excitation at 480 nm.
Preparation of Solutions for the Sensing of Pd
2+ by OPBA A stock solution of OPBA (2.0 µM) was prepared as illustrated in section 2.3. The solution of PdCl2 was introduced in portions and the fluorescence intensity changes were recorded at room temperature each time.
Preparation of Solutions for the
1
H NMR and IR Studies 20 µM stock solution of OPBA was prepared similar to the procedures shown in section 2.3. 0.12 mM stock solution of PdCl2 was prepared. The stock solution of OPBA was diluted 2 times by using water and by using the PdCl 2 stock solution, respectively. After several minutes, the
